























therefore of no biological significance. The sponscr also indicated that
these positive results are unreliable because of the low viability in these
cultures. It is concluded that Riluzole is not mutagenic in this test.
Effect of Riluzole on chromosomal aberrations were tested using human
peripheral blood/lymphocytes. The only statistically significant difference
was noted at 10 ug/ml in absence of 59 when gaps were excluded from the
analysis; compared with the negative control. A significant difference was
noted within the 10pg/ml of activated and nonactivated cultures in chromosome
breaks and fragmenta. It is concluded that Rilusole is equivocally or
marginally mutagenic in this test. This assay was repeated using 16 and 20
Mg/ml Riluzole concentrations. The data in this study were analysad
separately and with data pooled from the previous one to compare large
populations. Riluzole at 10 ug/ml caused no difference in mitotic index but
20 ug/ml caused 45% reduction in mitotic index relative to the
negative/vehicle control. There was no significant increase in number of
aberrations relative to the control at either dose with or without gaps. A
significant difference is noted within group 10ug/ml bestween activated and
nonactivated cultures. When pcoled data were examined at 10 ug/ml, frequency
of aberration was significantly increased between activated and non-activated
cultures whether gaps were included or excluded. When comparisons were made
with the control culture, a significant increase in aberration incidence
occurred only with 5% and only when gaps were included. The sponsor indicated
that since aberration frequency did not increase in 20 ug/ml and biological
significance of gap~type aberration is unclear, Riluzole is not mutagenic in
this test but is cytotoxic. From the negative findings in the Ames asgsay and
the in vivo bone-marrow micronucleus test in mice and rats, Riluzole is not
clastogenic. However, the results were equivocal in the meuse lymphoma and
human peripheral lymphocyte tests. These latter tests were repeated and
although the results were not rlearly negative, the mutagenic/clastogenic
potential of Riluzole is small.
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TAITE 1 Raw plate counts for PX 26.124
Compound
(ug/rlate)
-
lc + 10,15,17, 100,82,86, 9,¢,6, _€7,6¢,1¢,
14,14,1¢ 72,61,35 7,2,4 72,75,7u
- 7,1C,€, 81,72 67 11,C,E, 87.72,70,
7,5,10 71,02,72 £,5,5 6%,53,7¢
£¢ + 16,17,18, £7.85,79, 0,8,8, T4,72,47,
18)18 1€ as 75,78’ 7.6.1¢ £7.73 85
- IC.,,,, o2 7Z,TC. 2,1Z2,6, 73,7C,E7
11,1¢,¢ ...,..6 78 10,ir ¢ €:,73,7¢
e - 19,16,1¢, ;(.-,86,.:, 1a,19,¢, £¢,R7,€7,
1e,17, 1‘-‘ £1,66,8¢8 L,1ic, C,7L,7¢6
- 11 10,-1 T4,74,8C, 11,7,%, _EL.?Q,GI,
-u,-,ln. 6;,:,7#,&‘6 8,c,1z c:,-,,‘re
cCC + 17,14,1%, 01,96,74, ¢,5,6, 711 272,78,
16 19,&5 83.\-.35- ,,lc,l ,,1.4.75
- 9,9,1?, EC,.l 76, 7,12,10C, T7,EC,£%,
18,¢,1C u'.:,..l,..3 5,6,7 €l 70,7..
1000 + 9,E,11, 73,5C,8¢, 3,2,4, 54,26,37,
1 ,18.16 73'75,313 296": 3‘l-'*
- 0,3,6 72,61,63 ptaglat 1,7,
g,t,6 65,16,4E ~,7,T 7,7
Controls + 16,15,18 7¢,P1,885 £,8,3, gs,8c 70,
(1o0u =ec) 1¢,18,1¢ g2,37,8¢c ¢,13,12 ge,83,7¢"
- 12,10,16 85,51,79, €,10,12, 97,72,8¢,
13,16,13 a0,74,72 8,12,11 79,:9 75
3,3'-Cichioro- + 1298,1179,1332
bernzidine 129€,1679,1533
(5Cug) - 58,862,684k €5
Jletiyliocle o+ 95,822,760
anthrens 6,,,86 1057
(SCug) - 'c6,111....,,
£6,108,127
Cyclerlmspip~-  + 1C5, 139,177
nide 12?.-...?"
(2CCug) - 31 "°,¢5
33‘
Zerze (a). + £¢9,621 665
Fyrena(Eugr) 624,501 )53%
L trowt-
trerylens - S44,571,€55,
clamine (SCug) 69".501.537
+ lver present T toxic
C oor

- Mver pbsert

terirated .
Pace 1C cf 13
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o d Canomntr. Liver/ Nis® revertamts/plate
~ampasnt (ug/plate) type T8 7 T

el —

Pk 26.124 10ug + 18 2 331 8 I 9.3 7218 71 ¢ oa-
- 8 2 17 T =130 B 2 23 35 Zqg
0ug « 18 2 08 B8 % 56 8 2 3.2 2 ogg
= 10 208 76> 67 8 I 20 I 4
100:g - % 2 14 B I 4.4 8 = 3.2 TI I 4
- 1 - 1.2 75 - 6.3 e - 2.2 e = B.3
500:g « 1€ 19 8 - 7.5 7 = T2 - 8¢
- 12 2 S 2 B.5 e - 1.0 £ Z 8.3
1000 - 12 = 42 6 =Tk - 3 -2
- 6 = 2.2 = 2102 Tece Tece
Coniroul==DMSU yTeartd - 18 = 1. BE T 4.9 102 2.1 2 = a3z
- 12 = 22 8 < 6.8 S 2.4 82 - 8.2
3,3 dichiure- sy - 13830 3836
enzl1dine - 58 : B 5
A-Methylchul- 50ug - 932 = 110.5
anthrenc - —""_103: 16.4
Cyclophospharide 200 - 112 % 2.7
- 31> 9.5
. -
4=Xitro-ortho- Soug - 384 - V5.5
phenylene diamine
L ]
Benzo (a)pyrene 2ug - 801 - 45.¢
+ Aroclar liver present
= Aroclor liver abssot
Figures underlingd indicate significany sutagenicivy -
Fage13 o2y 300
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RPF 54274 - RESULTS OF THE SECOND MUTAGENICITY TEST

VITHOUT AND VITH METABOLIC ACTIVATION

REVERTANT COUNTS : MEANS

Controls Test compound concentrations
STRAINS|S9 (ug/plate)
; mix|Negative|Pogitive| 15.6 | 31.2 | 62.5 125 | 250
i TA1535 | - 10 236 10 12 8 6 4
i + 13 203 12 9 11 10 7
' TAI100 | - | 132 452 141 | 138 | 133 | 131 | 109
+ 1 126 1393 j¢TaDy 135 | 123 | 127 96
TA1537 | - 9 201 8 12 10 11 8
. 9 171 9 9 9 8 8
TA1538 | - 13 291 16 13 15 13 12
+ 21 1084 19 20 16 22 20
TA98 - 30 192 32 34 3% 32 27
. 28 1406 k3| 30 k) 30 25
ﬁ REVERTANT COUNTS : R RATTO
: Test compound concentrations
STRAINS | S9 (ug/plate)
; mix | 15.6 | 31.2 | 6€2.5| 125 250
: 1535 | - [1.03 1.24 | o.86 | 0.62 | 0.4
) +« | 092 0.74 | 0.87 | 0.79°| 0.53
TAL00 - {107 ]| 104 | 1,01 | 0.99 | o0.82
« [ 113 ) 107 | 0.97 ] 1.01 ] 0.7
TA1537 - ] 0.89 | 1.25] 1.07 | 1.14 ] 0.82
+« (1.00| 1.00| 1.08}| 0.96 | 0.88
TA1538 - | 124 1.05] 116 1.05| o0.97
+* 0-90 .0093 0-79 1.06 0-98
TA9S - -f1.05]| 1,23 | 1.3 | 1.05| o0.88
+ | t.12 ] 107 ]| 134 1.05] o0.87
i
(el RHONE-POULENC
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. BEST POSSIBLE copy

Riluzole a benzothiazole, is a glutamats inhibitor with multiple sites of
action. A single mechanism of Riluzole antiglutamate effect is unknown at
this time. Riluzole produced the followlng effects:

1. blockade of glutamate-induced excitatory neurotranamission affecting
both the basal and svoked release (presynaptic), nnd postsynaptically by
non-coapetitive binding to the recsptors.

2. blockade of calcium mobiliszation in primary rodent peurons in.culture.

a. inactivation of voltage-dspendent Na-channels.

4. stimulation of G-protein dependent signal transduction.

S. blockade of excitatory amino acid (EAA)-induced convulsions.

Electrophysiological studies showed that Riluzole at S0uM completely blocked
NMDA responses but did not inhibit bindiu,. 8imilar rssponses noted with
kainate where currents were blocked at >500uM without an.effect .on binding for
concentration up to lmM. Therefore, Rilurole may bind directly but non-
competitively with EAA receptors. The drug dcoes not possess neuroleptic,
antianxiety,  antidepressant,~apasmolytic,-orapsychostimulant .amphetamine-like .. -3
effects. In some models of global or focal Ascheaia, Riluzole showaed some -
degree of neuroprotection, histologicallysitsdecreased the area of necrosis.
Cersbral glucoss utilication was reduced doseavdependantly after i.v. injection
of Riluzole to rats. Riluszole.affaected the z,cu:d ovascular system parameters
as follows: a significant effect on SBP and DBP in ths conscious dog (i.v.},
and in the anesthetized dog it significantly.decreased HR, contractility
index, and CO but increased LVEDP. It significantly decresased HR and MAoP in
consclous SHR (oral administration). The-drug. administersad i.v. had no
significant effect on any parameter in the .conscious dog with or without
sxpsrimental myocudinl hchuﬂ.u.- e mww

. -1 P
Pharmacokinatic studu-.(slnqloﬁnd ropontndont) hnvo been conducted inithe ..-. . .
rat, dog, and monkey. --Riluzolai ® ‘rapidly.absorbad -in the rat (T..-15-20.~. - s e
min), and widely distributediwith. -highestaconcentration .in: liver>kidney>brain. .
Brain levels.were 2e3gfol egsthan San .plasma v.}.
‘the rat (m+f)- 'rchd& tm%gbﬁﬁmigi’ﬁ; %aﬁ‘gﬁtwo mdﬁeglmnchmg .
drug is found.in the.plasma mdﬁrnlnmlp- at ly,a witht30. and 178 rOLfmssae v i sv B n
methoxyphenylurea:derivativenr spoot\lvtlym o art-for+metabolic ¢pathwa: I)'M Lz SRR
The drug -isasalso-wellrabsorbsdfiinithejgogiandir b_'_l;_j butﬁllowlyubsorbod e T ,iiu.
monkeys. wMeansplasmarlevels he h‘ ibatyeen’:3a5jrg. oquivnlontimm
Metabolites are sxcreted mainlyivia’thesurihe#and vin the rat sulfconjugation - i:
predominates, wherasas. qlucuronidlt!.onﬂnp:-donl.nmt in the dog.r Pregnantes: i-- . ..« .
rabblts unlike;nonpregnant: onolwhmddqood'ﬁ&hm-dolo ,rohti.on-hip.mndhonwww.-..auaa
occasion ;0L was. s-gnlﬂuntl.yyhiqhoqtn s, nonproqnant-nbb!.t-.n L o
The sponsor- indicated that ehlﬂ’ difference™ onccntnt.lon was .clinically: . ™.iu o3
irrelavant. 'Some tendency toward:drugvacoumulation was noted at -3mg/kg dose ~ - -
in both pregnant and nonpregnant rabbits.-'Mean:Q_ in the nonpregnant rabbit
ranged from 0.320.34 to 3.420.7ug/ml: wh-:- the. corrurndlng values.in:.
Ktimnt xabblit ‘are 0.320,1 tclsﬂ 8ug ul
N atedda~eig atﬂga:_}: Ancréasets’ 3

!\E'U',‘_‘u"
PRI
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BEST POSSIBLt copr

and jerking of forelimbs, mad paddling i.e. convulsion. These clinical signs
ware ocbserved in rats dosed 20 or 25mg/kg as well as in some anjmals domed 8
or 10mg/kg in both sexas, Body weight gain in general was significantly
radnsad rn2inly in male rats and the decrease was dose- and time-dependent in
the 26wk study. In HD f rats body weight was also reduced significantly but
tivr dacresss was dose-independent. The only comson clinical chemistry finding
in the 13- and 26-wk studies, is a significant elevation in ALP (in the 26wk
ALP in all 3 dose groups was elevated in m). Other changss included & = = . o
significant increase in cholesterol of .10 and 20mg/kg m and £ rats. LDE level::™ g
was significantly reduced in 10 and 20mg/kg dosed 'f during wks U2 and 26-0L4MRSIPHES
study. No significant drug-related changes were noted in ophthalmoBcopyy” hif 4B —smtnd
hematology, or urinalysis. 1In the 13wk -study, 5/15 HD f had congested-Oviriggm. % g
and thyroid cyst was found in 7/15 m and 6/15 £ of HD. Histopathology '~ . . . s
examination of the 26wk rats showed liver changes including centrilcbular
hepatocyte vacuolation, enlargement, necrosis, and ballooned.cells withgbrownmmsiss. +igew:
pigmented macrophages in portal triad. :3In 11/15 HD f had occasional kOpfferiariv %
cealls with positive pigment; none'was observed .in the control..i¥Treatediir:And Gm: s em
f rats of 10 and 20mg/kg dose killed at end. of .study, had hemogiderosis.: . . v S
{hemosideroais wac noted nnly in.anipals:of HD killed at.--recovary-period}i -&llyws.: . -m
treated £ killed during recoveryy‘had-uterussliminal ‘ailatationte /A NOBER: 4 M. i
could not be determined in the 26wk, 86mg/kqg :can.be-considered -the LUEL"based-~»: .. oH
on histopathological findinqgei~In-a#26wkicynomolqus monkey study,  animaleciwmmile: .
dosed 20mg/kg died or ware sacrificed -batwsen wks 5-and 9 due to toxleity.. --wwe -
Clinical signs noted in 5 and :10mg/kg:dosed :monkeys and.included huddled '
posture, lethargy, incoordination, salivation, piloerection, isolated : ST
incidecnes of limb tremors, and vomiting. Only in HD animals erratic mcvement. . .. .
and repetitive rockino movements were-alsc noted. There woare no drug-related - - Dl
changes in EKG, urinalysis, and minimal dose-independent effects on body :
weight, hematology, and clinical-chemistry. A 2mg/kg Jose is the NOEL.for . - s

monkeys. In a 2wk dog toxicity:stidy; no deaths noted. at- 30mg/k3,-clinfeal. i@ .
signs included vomiting;:tremorsji-ataxia; hypomotility, -hyperreactivityjUand -« ' - tma
somnolence in both sexesis:All%“asigne were absent:by 24hr postdose.  «&p#5 - . . 7 et
Hematolcgical changes were noted and--considered “(by the sponsor);-secondary to = - =%
hemosiderosis of the liver and spleen. .. These changes include decrease-in RBC .- a3

! logram.
paramevers ‘such“as normoblasts: A marked decrease in haptogloblin::  “wWauni
concentration was noted on .day 8 and-14«(up.to.100%). in.both sexes. These
changes were contributed+to-hemulysis/anemis:i-Allstreated:dogsihad . s
hemosiderosis of the liverrdndispleen,iand:ac iindicated:above /sthe sponaor .....<
coneidered this findingisacondary:to-drug-inducedihemolytid anemin.. Noum.r <.
statistically significant effects*in clinical -chemistry-were-found however, -
the following changes wereé measurad: ALP levels.were increased:in m and f on..
days 5, 8,.and 14.{11-53%v}{"LDR{develwas increased in m-on-days.8- (169%})- and:
14 (106%) and -in f.‘.‘onlyﬁéu:.iaﬁli_'qaan;--'and'totg.L--bi,l.L:ubi.n.‘uné increased:::

167-200% on days 8 ‘and 2l4in-both”sexes. ' i

count, Hb,.and HoT,»sincrease-inithrombocytes,;reticulocyta;and

e Ll ha

Segment II reproductive studies were conducted i{n rit and rabblt: however, a - wiy
standard Segment I was not done.. A range-finding study in rate.may have : : :
substituted for Segment T however, this .study is deficient .andsdid not '

with the guidelinemswi sralyoralsadainis fon.of
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The NOEL in this study is 3mg/kg. Oral adminletcation ot Riiuzol " to pregnant
rabbits from gd 6=-18 caused no deaths and clinical signs such as languor and
ataxia occurred mainly in 60mg/kg (HD) rabbits. Significant weight loss was
noted only in HD during gd 6-15. Small but significant decrease in fatal
weight and crown/rump length roported in HD. Small but insiyaificant increase
was noted in post-implantation loss in HD relative to the control. Eigh
incidence of minor fetal defects occurred in all treated groups !significant
only in 18mg/kg doced animals). The sponsor indicated that these Zefects are
common 1n rabbit. In summary, Riluzole was not teratogenic in rat or rabbit
but caused maternal toxicity. -

Riluzole was not mutagenic in the .mes Salmonells assay or the in vivo bone-
marrow micronucleus assay in rats and mice. An equivocal result was ocbtained
in the mouse lymphoma chromoscmal abarration assay but when repeatad the
results were negative. Potential induction of chrocmosomal abecration by
Riluzole was tested in human peripheral blood. A significant increase in-
chromosomal aberration was found in absence of 89 at 10ug/ml concentration. and
only when gaps were excluded from the analysis. A eignificant difference was
also noted between activated and nonactivated cultures at.the same .
concuntration. The assay was-rapeated and data analyzad-»-‘.apantolywmd pooled
with the previous assay. 8&imilar results obtained, but since the positive .
findings noted only in one concentratiun, the significancs:of gap~type -~
aberration is unclear. From the resulte of the 4 assays, the
mutagenic/clastogenic potential of Riluzole to humans is small.

Recommendation:

Based on the submitted pre-clinical pharmacology/toxicology etudies, the
proposed clinical trial for this IND may proceed. The following“comment..
section contain some pharmacology issues that need to Lo nprovided/axplained by
the sponsor. ‘

ontss san R T

The pharmacclogy. reviewer: requests cla:tfica.tlan md]or .tnfomti.on -on’ the o
following preclinical issuass E

1. Analysis of tha druq romlat.i.on in the rat reproducti.ve -stud
on days 1, repeat day 1, 4, 16, and¢ 20 produced unacceptable J.ow*_L
concentrations -of the.drug material. The sponsor-indicated.thatj
to "settling out” of.the .drug material frow the. su-panaiowﬁmd. ﬁ.berﬂ e} S
methyl cellulose interfered with the znalytical ‘method.:iiAs’ :eporl:ed by the
sponsor, this finding-had no.effect on the doses -administered. s ‘What were the
actual doses administered? Evidence or supportive data to thu statement. is
requested; the explanation provided is inadequate.

2. In the same.rat rnproductive ltudy mentioned above, rth. tmge:ltm and/or
the hun:ldi.tmtn . g swas:axcead O sraligocca ioni '

i f” BT I R ratle Lard e T Y I T L R T :).«’ wper dend hete YT FTATI .-,’l‘n., NN
sj:)pl:vﬂ:tl R e el s i i e e P e T o
SWeidhal ey T N ST A S I L TR LA PRI YR Woee }

R




6. The amino acid taurine is markedly elevated in brain and spinal cord of
ALS patients. Thers are animal modals for studying taurine lavels; do you
know Lf Rilutole affects taurine levels in any way? Again this is merely a

scientific curiosity.

‘Alsar H. Atrakchi, Ph.D.

cC.
IND ORIG (#42,080) .
Div. Pile e e gy
HfD=-120

B

/6. Pitzgerald/i.B. Atrakchi/Paul bavid.




Amendment

NDA# 20-5969
Drug: Riluzole
Sponsor: Rhone-Poulenc Rorer, PA
Corsp. Date: Sep 22 18995
Rec. Date: Sep 27 1995
Rev Date: Sep 28 1995 ]
Reviewer: Aisar H. Atrakchi, Ph.D.‘H#h%
Supervisor: Glenna Fitzgerald, Ph.D. 94:7' Iﬂ/.?'/i./
Report Title: Riluzole effect on survival in FALS-SOD transgenic mice/RPR-

RD~DISC-Biol 748/Sep 11 1995/GLP.

Background:
Familial ALS accounts for about 10% of the ALS population. Rosen et al., 1993

showed mutations in the gene coding for Cu®™/In* superoxide dismutase (SOD) in
about 20% of the 10% FALS population. Deficiency in this enzyme may trigger
free-radical toxic mechanisms in the body. Because of the role of free
radical-induced injury in neurodegenerative diseases, transgenic mice were
used to study the role of the SCD gene in the pathogenesis of FALS.
Transgenic mice (B6SJL-TgN(SOD1-G93A)1Gur} were raised to express human SOD
gene that carries the Gly® to Ala mutation. These mice develop progressive
paralysis of limbs starting at 3months of age and die by S-émonths from
respiratory failure and/or inability to eat. This animal model expresses both
functional and histopathological (less in spinal cord and brain-stem
motoneurons), properties of ALS.

Study Results and Discussion:

Riluzole {(Batch# MIJ 436) was administered to mice {20/gr) in drinking water
at 100ug/ml starting at age 50days (water was replaced every 3days). The
overall condition of the mouse was monitored 3x/wk, onset of disease was
assessed by testing tremors in limbs when the animal was held from its tail
and suspended in the air. At later staqges of the disease the mouse laid on
its side and did not attemp to move when touched. Mice were killed if they
could not: (l) groom themselves and one or both eyes develop severe
infections, {2) right themselves within 30sec of being placed on their sides.
Length of survival was determined and compared between treated and control
animals. Survival was evaluated by Kaplan-Meier analyses and differences in
mean age at onset of disease gr age at death were compared using 2-tailed
Student’s t-test.

One treated mouse escaped from the cage and another mouse showed severe
adverse effects (not identified by the sponsor)}; both mice were not included
in the data analysis. Table 1 frowm the sponsor presents individual s.rvival
data and Table 2 provides the mean survival and disease onset. Mice treated
with riluzole on the average, lived longer (l1l%) than the ceontrols however,
onset of the disease and muscle function were not affected by treatment.




cC.

u ions e :
It is clear from these results that riluzole had no effect on onset or
muscle function the only effect was increase in survival. It would have
been valuable to have conducted histopathology on riluzole-treated mice
and compare the findings with those in the control.

Please report the serious adverse effects noted in mouse# 6 and onset of
these symptoms.

Of the 20 mice, how many were males and how many were females?

Please provide certificate of analysis for riluzole batch used in this
study.

/Div File/Orig NDA# 20~599
/G. Fitzgerald/A. Atrakchi/K. Higgins
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6. TABLES

Individ

TABLE 1

ual survival data

V———

CONTROL “RILUZOLE
Mouse N? Ags zt dee Mouse-N° Ags &t dzzlh

(days) (dzys)

1 116 1 148

2 127 2 120 (esceczs)

3 140 o 143

4 142 4 1 gg

5 120 5 139

6 136 € 99 (killea)

7 140 7 142

8 125 g 175

Q 136 c 148

10 140 10 148
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TABLE 2

Eftect of riluzole on mezn survival and mean onset

Data are presented as the mean = SEM. Trs asterisk indicates a significeri (p < 0.05;
Student’s *test) diiierence between the control and riluzolesgroups. -

Treztment Mezr zge &t Mean ege &t
criget dezth
Control (n=10) | ©5=12 days 132 £ S deays -

R R T WL TR B S T T

: Riluzole (n=8) | 98=11days | 147 =12days"

LI T T N R TR S T 1T
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END

JH.M. Research & Development, Inc., 5776 Second Street, N.E., Washington, D.C. 20011



